The relation between illicit drug dependence and the likelihood of drug overdose is unclear. We recruited 1,066 habitual drug users for this analysis through street-based outreach in New York City. In this sample, 99.3% of respondents used heroin in the past year and 87.1% of respondents used cocaine; 819 (77.5%) heroin users and 735 (79.2%) cocaine users were severely dependent on either drug, respectively. In multivariable models, among heroin users, persons who were severely heroin dependent were less likely (OR = 0.6; 95% CI = 0.4-0.9) to have overdosed on any drug in the past year; among cocaine users, those who were severely cocaine dependent were more likely (OR = 1.6; 95% CI = 1.0-2.6) to have overdosed in the past year. The relation between illicit drug dependence and risk of overdose may vary for different patterns of drug dependence. These observations suggest that overdose prevention interventions, perhaps even those specifically targeting opiate overdose, may be more efficiently directed at individuals exhibiting cocaine dependence.
INTRODUCTION
Non-fatal drug overdoses are common among illicit drug users; 1-3 the annual prevalence of non-fatal overdose among illicit drug users has been estimated to be 10-30%. [3] [4] [5] [6] Non-fatal drug overdoses are associated with considerable morbidity including indirect (e.g., broken limbs or head injuries, burns, assaults) and direct (e.g., peripheral neuropathy, vomiting, chest infections, pneumonia, seizure or cardiac arrhythmia) morbidity. 3 Persons with a history of non-fatal overdose are more likely to experience subsequent potentially fatal overdoses. For example, the median number of lifetime drug overdoses among those who have experienced an overdose ranges from 2-3. 1, 4 Extant research has identified the following factors associated with the increased likelihood of non-fatal drug overdose: age, 6-8 duration of use, 1, 5 frequency of use, 4,5 route of administration, 5, 6 HIV status, 5 alcohol use, 1, 6 and concomitant illicit drug use. 1, 4, 7, 9 Studies of non-fatal drug overdose among heroin users have shown that 48-55% of users are likely to be drug-dependent. 6, 7 Toxicological findings from two studies of heroin-related deaths have suggested that 80-85% of fatal cases were dependent on heroin. 10, 11 However, relatively few studies have assessed the role of drug dependence in determining non-fatal drug overdose, 4, 7 and the extant literature is conflicting. Some research has shown that drug users who overdose have more symptoms of drug dependence than those who do not. 1, 6, 7 For example, a study of 218 heroin users in Adelaide, Australia found that each additional point on the Severity of Dependence Scale (SDS; indicating higher levels of dependence) increased the odds of ever having overdosed by 12%. 7 Conversely, other work has suggested that there is no relation between dependence on illicit drugs and the likelihood of experiencing a non-fatal overdose. 4, 12 For example, two studies of injectiondrug users from the UK found no difference in mean SDS scores between those who overdosed in the past year and those who did not. 4, 12 We are not aware of any work that has considered and contrasted the relationship between heroin and cocaine dependence and the likelihood of non-fatal overdose.
Recognizing that the identification of risk factors for non-fatal overdose could inform interventions that may mitigate overdose-related morbidity and mortality we assessed the relations between past-year heroin and cocaine dependence and non-fatal overdose in the past year in a sample of street-recruiteddrug users.
METHODS

Participants and Procedures
Participants were recruited by trained outreach workers in Central Harlem and the South Bronx in NYC from November 2001 through May 2004. Eligibility requirements included being eighteen years of age or older and having used heroin, crack, or cocaine at least once in the two months prior to the interview. Structured in-person interviews were conducted in English or Spanish by trained interviewers. The Institutional Review Board at the New York Academy of Medicine approved the study and all study subjects provided oral consent at the time of the interview.
Measures
Respondents were asked about demographic characteristics, including sex, race/ethnicity, age, educational attainment, marital status, and whether they were currently homeless. We asked respondents about their drug use behaviors, including drugs they had used in the past year, their injector status, the length of their heroin using career, the length of their cocaine using career, their overall drug use frequency in the past 2 months, and whether they had used tranquilizers or benzodiazepines in the prior year. For the purposes of these analyses, respondents reporting heroin use during the past year were considered heroin users and respondents reporting cocaine use during the past year were considered cocaine users. Based on a review of the literature and instruments used in studies in Adelaide, Australia 13 and San Francisco, CA, USA, 14 overdose was defined as "someone who collapses, has blue skin color, convulsions, difficulty breathing, loses consciousness, cannot be woken up, or has a heart attack or dies while using drugs." We asked respondents if they had ever overdosed during their lifetime; those who had overdosed were asked how many times they had overdosed in the past six months, in the past year, and in their lifetime.
We assessed heroin and cocaine dependence using the SDS. 15 The SDS is an easily administered scale that can be used to measure the degree of psychological dependence experienced by users of different types of illicit drugs in different settings. 15 The SDS has been demonstrated statistically to be a valid and reliable measure of current heroin and cocaine dependence. 15 The five items of the SDS are scored on a four-point scale (for items 1-4: 0 = never/almost never, 1 = sometimes, 2 = often, 3 = always/nearly always; for item 5: 0 = not difficult, 1 = quite difficult, 2 = very difficult, 3 = impossible). A total SDS score is obtained by adding the scores of all items (range 0-15) with higher total scores indicating higher levels of dependence. A test of the internal consistency of the scale among five samples demonstrated Cronbach alpha values between 0.80 and 0.90 and correlation levels between total scores and factor scores greater than 0.99. 15 The SDS can be adapted to cover different types of drugs by modifying the reference to the named drug and can assess experiences over different timeframes. In these analyses, we assessed heroin and cocaine dependence in the past year. There is no standard diagnostic criterion for the SDS and cut-off points need to be determined independently for different drugs. 17 A study reporting on the psychometric properties of the SDS in samples of heroin users showed that total SDS scores greater than or equal to seven were generally indicative of severe heroin dependence. 6, 7, 15 Consistent with these findings, we considered heroin users scoring greater than or equal to seven on the SDS as severely dependent on heroin. In a study of recent cocaine users, Receiver Operating Characteristic (ROC) analysis comparing the SDS against the Composite International Diagnostic Interview (CIDI), a valid and reliable instrument for the diagnosis of dependence according to the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV), produced an area under the curve value of 0.86 and showed that a total SDS score of greater than or equal to three discriminated best between the presence and absence of a DSM-IV diagnosis of cocaine dependence (sensitivity of 63%, specificity of 93%). 17 In these analyses, we considered past-year cocaine users scoring greater than or equal to three on the SDS to be severely dependent on cocaine.
Statistical Analyses
We calculated the prevalence of past-year non-fatal drug overdose among heroin and cocaine users, mean heroin and cocaine SDS scores, and the prevalence of heroin and cocaine users severely dependent on either drug respectively. The prevalence of past-year overdose within categories of heroin and cocaine SDS scores was determined. We developed separate multivariable models predicting pastyear overdose among heroin and cocaine users. Variables that were significantly associated with past-year overdose (p < 0.05) were included in the final multivariable models. Restricting the sample to respondents who had used both heroin and cocaine during the past year we assessed the proportion of respondents who were severely dependent on heroin and cocaine, on heroin only, on cocaine only, and on neither drug. We compared the prevalence of overdose during the past year in each of these four groups using chi-square testing.
RESULTS
The demographic characteristics of the 1066 habitual drug users interviewed in this study are presented in Table 1 . Among 1059 persons who used heroin during the past year, 178 (16.8%) reported at least one non-fatal overdose in that time; among 928 persons who used cocaine during the past year, 158 (17.0%) reported at least one overdose. The mean heroin SDS score among heroin users was 9.7 (SD = 4.3) and the mean cocaine SDS score among cocaine users was 7.7 (SD = 5.0). Eight hundred nineteen (819) heroin users (77.5%) scored greater than or equal to seven on the SDS and were considered severely dependent on heroin; 735 (79.2%) cocaine users scored greater than or equal to three on the SDS and were considered severely dependent on cocaine. The prevalence of past year overdose within categories of heroin and cocaine dependence are presented in Figures 1  and 2 , respectively.
The results of a multivariable model predicting past-year overdose among heroin users are presented in Table 2 . Persons who were severely dependent on heroin were less likely (OR = 0.6; 95% CI = 0.4-0.9) to have overdosed in the past year. Higher educational attainment (OR = 1.9; 95% CI = 1.3-2.6), current homelessness (OR = 1.7; 95% CI = 1.2-2.5), being a current injector (OR = 2.2; 95% CI = 1.1-4.7), and the use of tranquilizers or benzodiazepines (OR = 1.9; 95% CI = 1.3-2.7) also predicted past-year drug overdose. Alcohol use in the Heroin dependence assessed using the SDS; persons scoring 7 or more on the SDS (i.e., persons to the right on the dashed line in the figure above) were considered severely heroin dependent. Cocaine dependence assessed using the SDS; persons scoring 3 or more on the SDS (i.e., persons to the right on the dashed line in the figure above) were considered severely cocaine dependent.
past year was not associated with overdose risk among heroin users (p = 0.114) and was thus not included in the multivariable model. In a multivariable model among cocaine users (Table 3) , persons who were severely dependent on cocaine were more likely (OR = 1.6; 95% CI = 1.0-2.6) to have overdosed in the past year. Higher educational attainment (OR = 1.8; 95% CI = 1.3-2.6) and current homelessness (OR = 1.6; 95% CI = 1.1-2.3) predicted pastyear overdose while greater overall frequency of drug use in the past two months (OR = 1.6; 95% CI = 1.0-2.3) was marginally associated with overdose. Alcohol use in the past year was not associated with risk of overdose among cocaine users (p = 0.389) and was not included as a covariate in the multivariable model. Among 925 respondents who had used both heroin and cocaine in the past year (Table 4) , 532 (57.5%) were severely dependent on both heroin and cocaine, 178 (19.2%) on heroin only, 125 (13.5%) on cocaine only, and 90 (9.7%) were not severely dependent on either drug. The prevalence of past-year overdose in each of these four groups was 18.1%, 14.6%, 24.0%, and 11.1%, respectively (p = 0.062). Length of cocaine using career 
DISCUSSION
In a cross-sectional study of habitual drug users recruited through storefront sites and mobile outreach clinics in New York City, we found that 16.8% of respondents who used heroin during the past year and 17.0% of respondents who used cocaine during the past year experienced at least one overdose in that time. 77.5% of heroin users and 79.2% of cocaine users were severely dependent on either drug respectively. Among heroin users, persons who were severely dependent were less likely to have overdosed in the past year. In contrast, among cocaine users, persons who were severely dependent were more likely to have overdosed in the past year. Among respondents who used both drugs, persons who were dependent on cocaine only had the highest prevalence of overdose in the past-year, followed by those who were severely dependent on both drugs, and then by those severely dependent only on heroin.
We found that heroin users who were severely dependent on heroin were about half as likely to have overdosed in the past year compared to heroin users not dependent on heroin. In contrast to our findings, three studies have shown that heroin users who are more dependent on heroin, as measured by the SDS, are more likely to experience an overdose. 1, 6, 7 However, we explicitly limited our analyses to overdose and dependence during the past year while in this previously published work, timeframe for dependence was not specified suggesting that the results may not reflect the natural history of drug use (i.e., long-term heroin users who recently cut down on their consumption may have still been considered dependent on heroin).
Heroin dependence may protect against overdose because dependent users may have more stable patterns of drug use; stable patterns of drug use in turn may confer increased levels of tolerance leaving non-dependent heroin users at a relatively greater risk of overdose. While little work has been conducted to show that stable patterns of drug use protect against overdose, a growing body of work shows the converse, that less stable and more sporadic patterns of drug use are associated with an increased likelihood of experiencing an overdose. 10, 18 For example, overdoses are more common after periods of abstinence or sporadic use, such as following release from prison 10, [19] [20] [21] or participation in drug treatment programs 8, 22, 23 when tolerance levels are presumably lowered. Other studies provide conflicting evidence about the relation between frequency of use and risk of overdose. Brugal and colleagues similarly found that the risk of non-fatal overdose among heroin users decreased as the frequency of use increased. 5 Two studies that performed hair analyses on samples taken from heroin overdose decedents showed that fatal overdose cases exhibit hair morphine concentrations substantially lower than those of active users 18, 24 suggesting that fatal heroin overdose cases had less chronic heroin intake in the months preceding death than active street users. However, other work 4 found that greater frequency of drug use was associated with higher risk of overdose. In our study we showed that heroin dependence was associated with lower risk of overdose independent of drug use frequency suggesting that behavior that is particular to dependence may be the critical protective factor.
In contrast to our findings for heroin dependence, cocaine users severely dependent on cocaine were more than one-and-a-half times as likely to have overdosed in the past year compared to cocaine users not severely dependent on cocaine. In one of the few studies to assess the relation between cocaine dependence and overdose, Ferri, Dunn, Gossop, and Laranjeira 25 found that higher SDS scores, indicating greater levels of cocaine dependence, were associated with more frequent adverse reactions to cocaine among a sample of long-term users in Sao Paulo, Brazil. 25 These findings are consistent with the clinical observation that patients with more severe cocaine dependence are more likely to present impaired control over their use of cocaine. 25 Of note, almost the entire sample had used both heroin (99.3%) and cocaine (87.1%) in the past year. Furthermore, we did not specify which drug caused respondents' overdoses, i.e., thus those dependent on cocaine may have overdosed on cocaine, heroin, other drugs, or a combination. In a prior study, we found that nearly all accidental drug overdose deaths in New York City were due to opiates or cocaine, that three-fifths were due to a combination of cocaine, opiates, and alcohol, and that these multi-drug deaths accounted for most of the variation in fatality rates, i.e., multi-drug deaths may be particularly sensitive to outside influences. 26 We concluded that interventions to reduce overdose death should address the use of these drugs in combination. Our current findings, that among poly-drug users those with cocaine dependence are most at risk for an overdose, further suggest that overdose prevention interventions consider targeting individuals exhibiting cocaine dependence.
We also found that two demographic characteristics, higher educational attainment and current homelessness, predicted drug overdose among both heroin and cocaine users. We expected higher educational attainment to be associated with a reduced rather than increased risk of overdose; research designed to carefully explore this issue may further shed light on the socio-cultural determinants of overdose. While a high percentage of overdoses occur in a private home setting, 7, 11 other studies, 8, 27 as well as ours, show that being homeless is associated with the increased likelihood of experiencing an overdose. A recent study by Dietze et al. used a case-crossover design to demonstrate a threeto four-fold increase in the risk of heroin overdose among respondents who reported shifting from a private to public setting for drug use. 28 Furthermore, homeless drug users may lack a stable social environment for drug use, causing them to engage in riskier drug use practices that increase the likelihood of overdose.
Two drug use characteristics predicted overdose among heroin users in our study, the use of tranquilizers or benzodiazepines and being a current injector. Our findings corroborate those of previous epidemiologic studies that have shown that concomitant drug use, particularly the use of nervous system depressants along with illicit drugs, is associated with the likelihood of drug overdose. 1, 2, 7, 10, 12 However, these results must be interpreted with caution, as illicit drug users may take tranquilizers in response to adverse drug responses. Future research should determine if the relation between polydrug use and overdose is explained by the interaction of illicit drugs with central nervous system depressants or if the observed association reflects the consumption of tranquilizers and other depressants after an overdose. In our study, heroin users who were currently injecting were more than twice as likely to have experienced an overdose during the past year compared to heroin users who never injected. These results concur with previous work demonstrating that injecting is associated with a higher risk of overdose. 3, 6 In our sample the majority of participants had used alcohol in the past year (77.5% of heroin users, 81.8% of cocaine users). However, although alcohol use has been associated with overdose risk in prior studies, 1, 6 no relation between past-year alcohol use and past-year overdose was demonstrated in this sample among either heroin or cocaine users. This may be a particular characteristic of this sample in this particular context. Further research is needed to elucidate the role alcohol may play in mediating the risk for overdose among heroin and cocaine users.
There were several limitations to this study. First, the cross-sectional nature of our study, which asked about drug overdose and drug dependence during the past year, prevented the establishment of temporality between drug dependence and the occurrence of an overdose. A longitudinal assessment is necessary to ensure that dependence symptomatology preceded the occurrence of an overdose. Second, we did not specify the type of drug overdose. Therefore, it is possible that respondents considered cocaine dependent in our study experienced an overdose caused by another drug, creating a complicated association between cocaine dependence and overdose. Because polydrug use is common among habitual drug users future studies may use clinical series and toxicological reports to identify the particular drug associated with an overdose. Third, we relied on self-report for our measures of drug use and drug de-pendence. While it is possible that this method of data collection resulted in inaccurate estimates of drug use and dependence, previous research has shown high validity in self-report assessments among drug users recruited in non-clinical settings. [29] [30] [31] [32] Fourth, the prevalence of cocaine use and cocaine overdose may be unusually high in New York City, limiting the generalizability of these findings to regions with similarly high rates of cocaine use. Fifth, information was not collected on alcohol abuse or dependence; this information may have provided a more complete picture of the relations between alcohol use and overdose risk.
Finally, we used targeted sampling techniques aimed at select neighborhoods to recruit a sample of habitual drug users from the population of drug users in New York City. Thus, the generalization of our results to other cities or populations must be made with caution.
With caveats considered, this study provides early evidence that the relation between illicit drug dependence and the likelihood of overdose may vary for different drugs. Our observations, combined with other analyses of drug overdose mortality data from New York City, 33 suggest that interventions that aim to minimize overdose, perhaps even those specifically targeting opiate overdose, need to pay particular attentiontothosewhoaredependentoncocaine.
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